Abstract. This work studied on the kinetics of Vitamin C extraction from banana peel at different solvent/solid concentration and temperature. Musa Acuminata was ground into smaller sizes before contacted with methanol as a solvent in an ultrasonic bath. To study the effect of solvent/solid ratio, 4.5, 5.0 and 10.0 ml/g ratio were used for the extraction at fixed temperature. Then, the temperature was varied with the heating element available in the ultrasonic bath at 30, 45 and 60 o C, to study the effect of temperature on the extraction kinetics. It was found that high solvent/solid ratio (10 ml/g) provides more solute-solvent contact and prevents the extracted Vitamin C from coming into contact with the air. Besides, higher temperature (60 o C) contributes sufficient kinetic energy for Vitamin C distribution in the solvent which is important to prevent degradation with air. The best fitted kinetic model for Vitamin C extraction from Musa Acuminata is Ana et al. (2007) with equilibrium concentration of 0.05 g/L and 0.40 g/L.hr extraction rate.
Introduction
Bananas and plantains are great source of calories, carbohydrate, potassium, starch, provitamin A and other carotenoids. Due to their contents of phytochemicals compounds, bananas exhibit biological properties such as antioxidants, antimicrobial, anti-ulcerogenic, anti-inflammatory, antiproliferative and anticancer activities [1] . More importantly, banana is an antioxidant-rich fruit because in common, a bright colored fruits indicate the presence of antioxidants.
Antioxidants are chemicals that resist or neutralize oxidation in cells. Every dietary source of antioxidants comes from secondary plant metabolites. It scavenge free radicals by inhibiting reaction within cells brought about by dioxygen or peroxide molecules, also called reactive nitrogen species. Flavonoids or bioflavonoids are secondary plant metabolites and the majority of its function was antioxidants which commonly found in food and beverages [2] .
In addition to antioxidant, ascorbic acid or Vitamin C is a natural antioxidant that primarily exists in fruits and vegetables which is available in its reduced form as L-ascorbic acid and its oxidized form as L dehydroascorbic acid [3] . Vitamin C or ascorbic acid is an antioxidant that is soluble in water, unstable, easily oxidized acid and can be deteriorated by oxygen, alkali and high temperature.
For the last few years, the consumer demand of nature-derived products gave a rising impact on various areas like food industry, nutraceuticals, cosmetics, flavors/fragrances, and also the pharmaceutical industry [4] . Many new extraction technologies like ultrasonic-assisted extraction, accelerated solvent extraction, microwave-assisted extraction, supercritical fluid extraction, subcritical water extraction and enzyme-assisted extraction are used to help increase extractions. These new techniques have been developed and they are faster, have better extractions and less solvent usage. To meet the high consumer demand, many processes requires optimization, process development for various new products [5] .
The most common technique used to take extracts with high antioxidants activity is direct extraction using solvents [6] [7] [8] . However, there are some disadvantages when using those techniques such as long extraction time and high solvent consumption. For those reason, the application of ultrasound assisted extraction (UAE) offers a lot of benefits including the less usage of solvents, low temperature, time saving and low water consumption for extraction [9] . Ultrasonic wave accelerate cell disintegration due to intense sonication causes enzymes or proteins to be released from cells. The cell membrane must be destructed in order to extract it. The mechanical effects of ultrasound give faster, greater and more complete penetration of solvent into cellular materials and improve mass transfer. Some of the studies used ultrasonic-assisted extraction method including extraction of polyphenols from rice bran, extraction of pomegranate (Punica granatum L.) seed oil and extraction of Epimedin C from fresh leaves of Epimedium.
In this study, the kinetic of Vitamin C extraction from banana peel was evaluated using linearized Ana et al. (2007) method because it fitted the model so well. The method used in this extraction resembles that of hydrodistillation but using ultrasonic wave to provide heat continuously.
Materials and methods
Banana of the species Musa Acuminata was obtained locally. The peel was shredded into small pieces, cleaned and freeze-dried for an hour. A total of 10 g banana peel was placed in a 250 ml beaker that was submerged in an Elmasonic S900H ultrasonic bath (Elma Schmidbauer GmbH, Germany) at a constant power of 2000 W and ultrasonic frequency at 37 kHz. The solvent used was 60% methanol which was added into the beaker at different solvent/solid proportion (4.5, 5.0 and 10.0 ml/g). The temperature was also varied at 30, 45 and 60 o C to study the effect of temperature on extraction using ultrasonic wave. In an interval of 15 minutes, a sample was taken from the solvent to determine the Vitamin C content using titration method. Fig. 1 Extraction yield of Vitamin C from banana peel at solvent-to-solid ratio; 4.5ml/g, 5ml/g, 10ml/g; extraction temperature of 30 °C; and methanol concentration of 60% Fig. 1 shows the effect of sonication time with different solvent/solid ratio at 30 °C on the extraction yield of Vitamin C from banana peel. The methanol concentration used throughout this experiment was kept constant at 60%. Initially, the yield can be seen to increase at the first 15 mins especially when the solvent/solid ratio used was 4.5 ml/g. However after that, the extraction of the banana peel using this solvent/solid ratio yielded less Vitamin C compared to the other solvent/solid ratio which continued to increase until the 30th minute. This shows that Vitamin C experienced Applied Mechanics and Materials Vol. 833degradation earlier when 45 ml of solvent was used compared to when using higher volume of solvent. The reason behind this phenomenon was in low amount of solvent, the solution is concentrated with the extracts that exposed the Vitamin C molecules closer to the air which caused in degradation [1] . It can be also observed from the three figures that the amount of ascorbic acid extracted in the lower concentration of methanol (4.5 and 5.0 ml/g solid/solvent ratio) decreased with increasing temperature. On the other hand, high temperature (60 °C) provided enough energy for homogenous distribution of Vitamin C in the solvent contributing to the steep concentration gradient in a stretched period of extraction time.
Results and discussion
It is important to study the kinetic of Vitamin C extraction from the banana peel into the solvent with the aid of the ultrasonic wave. The kinetic mechanism was studied with regard to different solvent/solid ratio at the temperature that produced Vitamin C the most that was 60 °C and with regard to different temperature at the solvent/solid ratio that extracted Vitamin C the most that was 10.0 ml/g. The linearization according to Ana et al. (2007) method (as in Eq. 1) has resulted Fig. 4 and 5 respectively. It can be seen from both figures that the model fits all experimental data with Rsquared values ranging from 0.8 to 0.99.
where t is the time (min); C is the concentration of Vitamin C in the solvent at time t (mg/ml); k1 is the extraction rate constant which is related to the extraction rate Bo = 1/k1; and k2 is the extraction capacity constant which is the reciprocal of the concentration at equilibrium Ce = 1/k2 [2] . Table 1 This is because of the continuous degradation of Vitamin C in the system provided more space for Vitamin C leaching into solvent which is quicker in 4.5 ml/g solvent/solid ratio. On the other hand, the extraction rate is negative when 5.0 ml/g solvent/solid ratio was used because of the same reason discussed previously which proven that Vitamin C degradation was higher than its extraction. As the temperature was lowered, the equilibrium concentration of Vitamin C and the extraction rate decreased. The extraction rate is also negative at 45 o C showing higher degradation rate compared to the extraction rate. 
Conclusion
Musa Acuminata was used as a precursor for Vitamin C extraction as its potential has yet to be studied. The parameters affecting the performance of this solid-liquid extraction were studied. First of all, the solvent-to-solid ratio was varied from 4.5 to 5.0 to 10.0 ml/g. It was learnt that low solvent volume could induce high initial extraction rate (0.93 g/L.hr) but it would experience early degradation. As the solvent volume was increased, more ascorbic acid can be extracted (4.5 mg/g of banana peel). Secondly, the effect of temperature was investigated at 30, 45 and 60 o C where it was discovered that 60 o C was able to provide enough kinetic energy for both extraction and homogeneity of Vitamin C distribution. In fact, according to the Ana et al. (2007) kinetic model that was found to be best-fitted the empirical data, the highest equilibrium concentration of Vitamin C (0.05 g/L) was achieved at 10 ml/g solvent/solid ratio and 60 o C.
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